ZOOLOGIA 28 (5): 641-652, October, 2011 Velha, Cariacica and Vitória. With a population of approximately 962,000 inhabitants (IBGE 2000) , these municipalities also release untreated sewage in the ocean.
Season and water regimen (rainy season: December to March) are associated with differences in the physical and chemical characteristics of water bodies, leading to local variations in the seasonal patterns of organic and inorganic nutrient discharges. These patterns are directly related to the input of domestic sewage (CARMOUZE 1994) . Recent studies have revealed a physical and chemical gradient in the Vitoria's harbor estuary: the inner region has higher average temperatures, whereas more peripheral areas have higher levels of salinity, transparency, dissolved oxygen and higher pH (STERZA & FERNANDES 2006) .
Studies to characterize and monitor the environment at the Vitoria harbor using a defined experimental design are scarce. The primary goal of the few available studies is to meet the environmental restrictions proposed by the State Institute of the Environment-IEMA, or to serve the industries that use the harbor region in their activities. The levels of heavy metals in the sediment (GRALL & CHAUVAUD 2002) , the distribution of ichthyoplankton communities (JOYEUX et al. 2004a , b, CHAGAS et al. 2006 , the benthic communities in unconsolidated substrate (NALESSO et al. 2005) , and the distribution patterns of estuarine zooplankton (STERZA & FERNANDES 2006 , FERNANDES et al. 2005 have been recently investigated.
Given the lack of information regarding the epibenthic organisms and their importance as environmental bioindicators, the main objective of this study was to characterize the subtidal rocky benthic communities along the Vitoria Harbor. Also, we correlate the attributes of the biotic community with the water parameters (pH, salinity, temperature, transparency, dissolved oxygen, and inorganic nutrients, as nitrite, nitrate, ammonia, total nitrogen, phosphate, total phosphorus, which are dispersed in situ along the estuary). We tested the hypothesis that community composition and structure varies spatially along the harbor access channel, following an environmental gradient from the inner to the outer portion of the estuary. According to STERZA & FERNANDES (2006) , the outer channel is subject to better conditions in terms of environmental stability of the physico-chemical parameters of the water column (mainly salinity, dissolved oxygen and transparency), and is less affected by the organic load. Thus, we should expect a higher epibenthic richness and diversity in the outermost sectors, where conditions are more stable.
MATERIAL AND METHODS
The Vitoria Bay is located in the state of Espirito Santo, southeastern Brazil; the water flows east into the Espirito Santo Bay, and then into the open ocean (Fig. 1) . The bay is surrounded by mangroves, muddy beaches, rocky shores and artificial substrates (pillars, bridges and wharves). The southern portion of the Vitoria Bay has an area of about 14.5 km 2 , where the Vitoria Harbor is located (20°19'S, 40°20'W), with a dockside area of 4.4 km 2 . The harbor channel is approximately 9 km long, with a maximum depth of about 23 m and an average tidal range of 0.8 m (Division of Hydrography and Navigation, http://www.dhn.mar.mil.br).
The main contribution of the continental water comes from the Santa Maria da Vitoria River, in the inner portion of the estuary. The inland waters have typical continental characteristics (higher temperature, lower pH and dissolved oxygen), whereas the outer portion of the estuary is characterized by coastal waters (lower temperature, higher values of dissolved oxygen, pH and transparency) (STERZA & FERNANDES 2006 , JOYEUX et al. 2004b . The average rainfall is markedly seasonal, with periods of greater precipitation during the summer months, and lower in winter.
With the expansion of the oil industry in the region, maritime traffic has intensified with the presence of supply boats, which support the drill ships and oil rigs. Furthermore, there has been an increase in dredging activities for deepening the navigation channel to allow larger ships to enter.
Along the harbor channel, the area receives discharges from several smaller bodies of water along with the drainage flowing into the port. Four stations were sampled in the inner and outer channel (Fig. 1) . The innermost stations (PI and PMI) receive a direct influence of flowing water river and domestic sewage input. The outermost stations (PME and PE), by contrast, are influenced by coastal waters. The stations are approximately 2 km apart from one another. Due to the tidal movements, all stations are subject to the influence of domestic sewage.
From December 2005 to February 2006 (rainy season: December to March) our water samples were obtained biweekly at each station using a Van Dorn bottle (N = 24 samples/station). The following water data were obtained in situ (2-3 m deep): pH, salinity, temperature and dissolved oxygen with a Horiba multiparameter meter and surface water transparency by Secchi disc. Simultaneously, we collected water samples with the Van Dorn bottle for nutrient analysis (nitrite, nitrate, ammonia, total nitrogen, phosphate, total phosphorus) according to CARMOURZE (1994) and CLESCERI et al. (1995) .
Samplings for subtidal benthic community were obtained by SCUBA (W. Krohling) using a 30 x 30 cm quadrat with the non-destructive point intersection technique (SUTHERLAND 1974) . On each sampling date, five sampling units were taken at each station, from the same rocks, between 3-5 m deep. This depth was chosen to ensure our safety while diving (there is little or no visibility below five meters), and to allow us to sample subtidal organisms (at low tide intertidal organisms could occur between 0-2 m depth). A total of 30 samples (N = 5 quadrats on six sampling date) were collected at each station along the harbor channel.
The benthic community was evaluated for taxonomic composition, species richness, relative abundance (mean percent cover of each taxon in the five quadrats on six sampling date: N = 30), Brillouin diversity for relative data as percentage cover, and Simpson dominance (MAGURRAN 1988) . Spatial differences in the community structure indicators and the environmental parameters monitored were tested using one-way variance analysis for repeated measures (ANOVA-RM) with ␣ = 0.05, given that the same sites and sampling rocks were examined, followed by a Tukey test (ZAR 1999) . The normality and homogeneity of variances of the data was tested a priori using Shapiro-Wilk W and Cochran test, respectively. The values were ͱarcsen X transformed to minimize heteroscedasticity (ZAR 1999) .
The comparative analysis of the benthic community at the four study stations included a multi-dimensional scaling (MDS) with Bray-Curtis similarity coefficient for percentage data. The adequacy of the configuration of the samples for MDS was obtained from stress value (CLARKE & WARWICK 2001) . The ANOSIM permutation test (one way) was used to evaluate the significance of the differences among stations. The similarity matrices included the percentage cover of the organisms present at each quadrat and station; each quadrat was treated separately to increase the permutations possibility and, consequently, the power of the test (CLARKE & WARWICK 2001) . The similarity percentages procedure (SIMPER) defined the contribution of the most abundant taxa between and within groups for the MDS procedure (CLARKE & WARWICK 2001) . Data analysis was performed with PRIMER 6 software.
The water parameters and inorganic nutrients were correlated with the biological data matrix, which included the taxa with > 5% coverage in at least one quadrat using a canonical correlation analysis (CCA) with the software MVSP 3.13.
RESULTS

Environmental parameters
The pH ranged between 7.2 and 7.4 ( Fig. 2) , with no significant differences among the four study stations (Tab. I). Salinity showed an increasing trend (22 to 28 psu) toward the outermost station ( Fig. 3 ), but with no significant differences (Tab. I). The temperatures were significantly higher at PI, PMI and PME (Fig. 4 , Tab. I). The innermost PI and PMI showed significantly less transparency when compared with the others (Fig.  5 , Tab. I). Dissolved oxygen showed increasing values toward the outermost station (ranging from 5.5 mg/l to 7.5 mg/l), with PE significantly higher than the others (Fig. 6 , Tab. I).
The average values of total phosphorus and phosphate ranged between 0.08 to 0.21 mg/l and 0.01 to 0.03 mg/l, respectively, with higher values at the outermost stations, but with no significant differences (Figs 7 and 8, Tab. I) . Average values of ammonium ranged from 0.05 and 0.10 mg/l, with no significant differences (Fig. 9 , Tab. I). The concentrations of nitrite, nitrate and total nitrogen showed mean values decreasing toward the outermost station of the channel (Figs 10-12), being significantly lower at PE for nitrate and total nitrogen, 4.87 and 5.37 mg/l, respectively (Tab. I). 
Benthic community
A total of 27 taxa belonging to the phyla Porifera, Cnidaria, Annelida, Ectoprocta, Crustacea, Echinodermata and Tunicata were recorded (Tab. II). Also, there was a sedimentary material about 4 cm thick tightly associated with hydrozoans Bougainvillidae, and arborescent bryozoans Bugulidae, which was designated as "aggregate". At PI and PMI, the percentage coverage of this aggregate was > 60%, whereas at PME and PE, sediment without macrobenthic organisms was present in > 55% of the substrate covering the organisms. The most representative taxa (> 5% coverage in at least one station) were Carijoa riisei (Duchassaing & Michelotti, 1860) The community structure descriptors differed significantly among the stations (Tab. III). The average taxa richness was significantly higher at PE and PME, with three and four taxa, respectively (Fig. 13 ). The Brillouin diversity had significantly higher mean values at PE (Fig. 14, Tab. III) , whereas the Simpson dominance was significantly lower at PE than at the others stations (Fig. 15 , Tab. III).
Multivariate analyses (MDS) revealed two distinct groups, characterizing two different faunal groups, one at PI and PMI and the other at outermost stations PME and PE (Fig. 16) . The stress value was low (0.11) and indicates a good graphic representation. The ANOSIM similarity analysis revealed a significant difference among the four stations (R = 0.762, P: 0.1%).
The SIMPER analysis showed that the "aggregate" of hydrozoans + bryozoan and the sponges T. ignis and H. heliophila contributed most to the similarity (54%) of Group I, which included the innermost stations PI and PMI (Tab. IV). In Group II (the outermost stations PME and PE), the octocoral C. riisei, the colonial tunicate Didemnun rodriguesi Rocha e Monniot, 1993 and the hydrozoan Dynamena disticha (Bosc, 1802) were the main components for the 27% similarity (Tab. IV). The dissimilarity >95% between inner and external stations was mainly due to the aggregate and T. ignis (Group I) and C. riisei (Group II) (Tab. IV).
The canonical correlation analysis confirmed the formation of two groups (Fig. 17) . Axis 1 explained 75% of variation, featuring two distinct water masses, one with estuarine char- acteristics (PI and PMI) and another more coastal (PE and PME). The representative components "aggregate " (bryozoans + hydrozoans), T. ignis, H. heliophila and C. riisei were associated with higher values of pH, temperature, nitrite, nitrate and total nitrogen on the most inner stations PMI and PI. At the external PME and PE, the most characteristic organisms such as D. rodriguesi, D. disticha, T. distans gracilis, S. marginata, and C. riisei were associated with more coastal waters with higher salinity, transparency and dissolved oxygen values. The levels of total phosphorus and total phosphate were higher in these outermost stations, indicating differences in the input of nitrogen and phosphorus along the channel.
DISCUSSION
Estuaries are characterized as highly dynamic systems, with large variations in salinity, temperature, pH and nutrients following a daily cycle of tides, providing distinct regions along a characteristic gradient (FERNANDES et al. 2005) . As transi- Figure 16 . Multidimensional Scaling Analysis (MDS) for 30 samples/ station (N = 5 quadrats on six sampling dates) on four study stations using the percent cover of each taxon on each quadrat and date: PI (Internal Station), PMI (Internal Midpoint), PME (External Midpoint) and PE (External Station) along the Vitória Harbor. PE PE PME PME PME PME PME PME PME PME PME PME PME PME PME PME PME PME PME PME PME PME PME PME PME PME PME PME PME PME PME Table IV . SIMPER with the percentage contribution of each taxon to the similarity within and between groups from MDS analysis: PI (Inner Station), PMI (Inner Midpoint), PME (External Midpoint) and PE (External Station).
Similarity within and between groups Intern (PI + PMI) (%) Extern (PME + PE) (%) tional areas between coastal and inland waters, estuaries usually show well-marked gradients, with higher temperatures and organic nutrients at their inner portions, and higher levels of dissolved oxygen, transparency and salinity (SOUZA-PEREIRA & CAMARGO 2004) in the outer areas. Such characteristics of estuarine hydrochemistry were also recorded here, and in other studies conducted in the Vitoria Bay region (STERZA & FERNANDES 2006 , JOYEUX et al. 2004b , NALESSO et al. 2005 . However, it is noteworthy that the highest values for phosphorus (total phosphorus and phosphate) were recorded in locations outside the study area. This may have occurred because phosphorus may get retained in marine sediments which are eventually released into the water column, a phenomenon known as "internal recycling of sediment" (DAVIES 2004) . According to BAUMGARTEN et al. (1996) , biogeochemical processes occurring in sediments may alter the quality of the overlying water, which would explain the higher concentration of phosphate in the outer portions of the channel.
Low concentrations of dissolved oxygen, and great amounts of organic nutrients are characteristic of estuarine waters contaminated with domestic sewage (MAYER-PINTO & JUNQUEIRA 2003 , MARQUES JUNIOR et al. 2006 , VIZZINI & MAZZOLA 2006 . This contamination contributes to environmental stress. Alterations in freshwater input are but one amongst the various anthropogenic impacts affecting the Vitoria Bay in the last half century. Changes in land-use at the watershed, filling, channeling and the input of untreated industrial and urban sewage are other examples. Environments stressed by nutrient input usually harbor low species richness and diversity (CLARKE & WARWICK 2001 , NALESSO et al. 2005 . Corresponding results were recorded at the innermost stations, with higher values of nitrogen, lower DO, and significantly lower values of community structure indicators. Still, both stations most influenced by coastal waters showed higher DO levels, lower nitrogen values and the highest species richness and diversity. These results demonstrate that environmental stress has an impact on the community structure of the inner harbor.
In our data, the Vitoria harbor channel estuarine system is characterized by a few abundant and many rare taxa. This also may be an indication of a low sampling number. Rare taxa (<5% coverage) seem to be an important component of the total richness of the community, since they often represented 80% of total richness.
We did not make any attempt to demonstrate causality between effluent and abundance patterns. The inner PI and PMI showed a greater abundance of taxa that tolerate anthropogenic stress, as the sponges T. ignis and H. heliophila. These species are generalists that can live in polluted environments such as bays and port areas (MURICY & HADJU 2006) , and the genera they belong to have great adaptive plasticity (CARBALLO et al. 1996) . Port terminals are usually built in sheltered areas such as coves, bays or estuaries. Routine port activities, besides dredging activity in the navigation channels, affect the composition and distribution of marine benthic communities through removal and suspension of sedimentary material, increasing the quantity of particulate matter in the water column (ANGONESI et al. 2006) .
In this study, the separation of the biota into two environmental systems was clear considering the environmental parameters (temperature, transparency, DO, nitrate and total nitrogen) and community indicators (richness, diversity and dominance), which were significantly different at the outermost stations. The inner portions of the access channel to the Vitória harbor are narrower than the outer ones, causing an increase in water velocity in the innermost portion of the channel (MAO et al. 2004) . Thus, the particles suspended by dredg- Figure 17 . Canonical correlation analysis (ACC) including the representative taxa (> 5% coverage in at least one quadrat -triangles) and descriptors (environmental parameters and inorganic nutrients -arrows) for the four study stations (black circles): PI (Internal Station), PMI (Internal Midpoint), PME (External Midpoint) and PE (External Station) along the Vitória Harbor.
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ing activities and maneuvering of ships in the Vitória harbor, located between the PI and the PMI stations, may be carried away to the outer portions. In fact, we had to temporarily interrupt some sampling surveys at the inner parts because the water visibility was low, a result of the high volume of suspended material from dredging activities. It is noteworthy that tidal currents can also transport suspended material. It is possible that the dredging activity mentioned above is correlated with certain tidal status, perhaps a low tide flow. Despite the proximity of the external stations to the open sea, the output channel of the Vitória Harbor goes into the Espírito Santo Bay (detail in Fig. 1 ). This spatial configuration shelters the site from strong currents coming from the Northeast, which could disperse the plume of the estuarine sediments and carry them out to sea. In areas with higher sedimentation rates (percentage cover of sediment over the bedrock >50%) as in PME and PE, we recorded taxa with vertical growth such as the octoral C. riisei, the hydroid D. disticha and the bryozoan S. cornigera, or vagile species such as the echinoderms E. brasiliensis and L. variegatus. This morphological adaptation favors individuals in situations of intense sedimentation, because they can remain above the substrate to filter/capture food, or move to find food (STEVENS & CONNOLLY 2003) . RAIMONDI & REED (1996) and BISHOP et al. (2002) showed that ecological variables are not necessarily correlated with physical or chemical variables. However, we found some specific associations between the biotic and abiotic attributes in our data. The aggregate of bryozoans + hydrozoans and sponges were associated with the more estuarine conditions of the innermost stations, and Carijoa spp., Didemnum spp., and Sertularia spp. were associated with more coastal waters.
Dredging may alter the hydrological regimen, changing the biochemical characteristics of the system, and creating opportunities for the replacement of species (DRIESCH & DRIESCH 2001 , SILVA et al. 2004 . Thus, long-term monitoring studies are necessary to evaluate the impacts that these activities promote on the local marine communities, and to diagnose whether changes in these communities' structure are the result of anthropogenic effects or whether correspond to natural variations of these populations (PAGOLA-CARTE & SAIZ-SALINAS 2001 , WIDDICOMBE & AUSTEN 2001 .
The access channel of the Vitoria Harbor shows a spatial variation in the characteristics of the water mass and in the epibenthic community over a small scale (~3 km), with an heterogeneous distribution throughout the studied area. Similarly, at the Bilbao Harbor, in the northern part of Spain, SAIZ-SALINAS & URKIAGA-ALBERDI (1999) concluded that the local epibenthic fauna was highly variable at a similar spatial scale (~3 km), and the distribution of organisms was significantly related to the local turbidity.
Our results indicate that the study area can be divided in two regions, one with estuarine characteristics, at the innermost stations, and another composed of coastal waters, at the outermost ones. The subtidal epibenthic community is distributed along this physical-chemical gradient. These characteristics resulted in two benthic assemblages, supporting the hypothesis of spatial variation. The main determinants were the environmental stress promoted by changes in the physicochemical parameters, and inorganic nutrients in the seawater surrounding the Vitoria Harbor, specifically at the innermost stations, where local dredging activities are frequent. An environmental monitoring system is clearly needed along the Vitória Harbor Channel. However, since the benthic populations may respond differently to disturbances at different spatial scales, attempts to quantify local impacts should involve further sampling on multiple spatial and temporal scales.
